Potential correlation of human papillomavirus (HPV) 16 E6 variants and human leukocyte antigen (HLA) class II polymorphisms has been suggested in patients with cervical cancer, so far little information is available about the possible interaction between E6 variants and HLA class II variability during the obviously accelerated progression to cervical cancer in young women. In this study, we aimed to explore the association between the HPV16 E6 variants and HLA-DRB1, DQB1 alleles in a Chinese young cervical cancer population. The HLA-DRB1, HLA-DQB1 polymophisms were genotyped by low-resolution polymerase chain reaction (PCR) with sequence-specific primer. HPV16 E6 DNA was tested by Sanger fluorescent dye dideoxy-termination technique. The difference of DRB1, DQB1 polymorphisms between young cervical cancer patients (≤35ys, n=61) and older ones (>35ys, n=85) and the association with E6 variants were analyzed. Results showed that the distribution pattern of HLA-DRB1, DQB1 alleles was different between young cervical cancer patients and older ones. The allele frequency of DQB1*0501 in young patients was significantly lower than older ones (6.6% vs. 23.5%, p<0.05). The HPV16 E6 A4 lineage was the exclusive type observed in young patients, and its prevalence was significantly higher than that of older cases (82.86% vs.41.94%, p<0.05). DRB1*03 was not found in young patients positive for the HPV16 E6 A4 lineage, whereas it was observed in 19.2 % older patients with A4 positive(Pc<0.05). In conclusion, specific association between certain HPV16 E6 variant and genetic polymorphisms of HLA may play a role during the progression of early onset cervical cancer in young patients. Certain HLA-DRB1 and HLA-DQB1 alleles may be related to the A4 lineage among young cervical cancer patients, which was the unique HPV16 E6 variant found in Chinese young patients. Our finding may provide an insight into the pathogenic factors that associated with cervical cancer in young women.
Introduction
According to WHO statistics, invasive cervical cancer (ICC) still ranks as the fourth most prevalent cancer in women and more than 80% cases arise in developing countries [1, 2] . In recent years, the worldwide incidence and mortality of ICC have generally decreased, owing to the successful implement of cervical cancer screening program and great achievements in early diagnosis and treatment of premalignant conditions. However, the incidence of ICC in young women has been reported to be Ivyspring International Publisher increasing steadily both in China and in other countries [3] [4] [5] [6] [7] . In most reports, young women seemed to have a more aggressive form of the disease and a poorer prognosis than older women [3] [4] [5] [6] . Therefore, studies aimed to investigate the possible pathogenic factors responsible for young patients with ICC are of great concern for their early prevention.
Genital infection of human papillomaviruses (HPVs), particularly the persistent infection status of high-risk HPVs is recognized as a causal and necessary factor in the pathogenesis of ICC. It is well known that high-risk HPV infection is very popular among women at reproductive age. Human papillomavirus early proteins E6 and E7 subvert normal cell control mechanisms through interactions with two oncosuppressor proteins, p53 and Rb, respectively [8] . Human papillomavirus type 16 infection was found to account for about 50% of ICC worldwide [2, 9, 10] . However, majority of high-risk HPV infections are transient and disappear spontaneously, only a small percentage of HPV infections persist and progress to precancerous diseases or ICC, indicating that additional factors are needed during the pathogenic process. Both viral and host genetic factors of infected individuals were considered to be important factors in determining progression to neoplasia of high-risk HPV infection.
Recently, different HPV16 E6 variants were observed to be related to an increased risk for cervical ICC in a certain population [11] [12] [13] . Distinct geographic diversity was observed in the distribution of HPV16 E6 variants. Currently, the variants were classified into four lineages [14] : A, which includes A1-A3 (previously called European, EUR) and A4 (previously named Asian, As); B (previously named African 1, AF-1); C (previously named African 2, AF-2); D, which includes Asian-American (AA) and North-American (NA) lineages named previously. Based on nucleotide polymorphism at nt350, the A1-A3 lineage were further classified into 350T and 350G.The A4 lineage was seldom reported in the west, but in some Asian countries such as Japanese, Korean and the southern area of China, it has becoming the most common variant found in cervical cancer cases [15] [16] [17] [18] . We investigated the distribution of HPV16 E6 variants in cervical squamous cell carcinoma (SCC) patients from a coastal city located in the southern part of China and found that the A4 lineage was the most common variant type [19] . In addition, we also found that the distribution of HPV16 E6 variants was significantly different between younger cervical SCCs (≤35ys) and older patients (>35ys). In young patients group, we only detected the A4 lineage. However, other linages of HPV 16 E6 variants were found in the older cervical SCCs in addition to the A4 lineage. The unmatched distribution of the A4 lineage observed in young SCC patients indicated the possible oncogenicity of this variant type might be more aggressive in young cervical SCCs of this study population.
On the other hand, the host genetic diversity may also play an important part in the natural process of HPV infections. The distinct characteristics of HPV16 E6 variants distribution observed in cervical diseases among ethnically different populations suggest a possible relationship between E6 variants and human leukocyte antigens (HLA), which are population related. As we know, HLA plays a key role during the clearance of virally infected cells by presenting xenogenic antigens to the cytotoxic T cells. The highly polymorphic character of HLA genes may display different ability in the clearance of HPV-infected cells, and hence the progression to cervical cancer. HLA class II provides the main genetic susceptibility loci to cervical cancer. The strongest effects are from the HLA II DQB1 and DRB1 loci [20, 21] . Several researches have analyzed the possible correlation of HPV16 E6 variants with HLA class II polymorphisms in patients with ICC from different populations and found certain HLA alleles showed to be correlated to a changed risk for ICC among different ethnic population [22] [23] [24] . Although our previous study has implied that the uniform presence and distinct raised E6 A4 lineage in young age cervical SCCs may be closely related to the early occurred cervical SCC, so far little information is available about the HLA class II polymorphism in relation with the HPV16 E6 variants in young women aged 35 or younger with cervical SCC. In the present study, we examined the difference of DRB1, DQB1 polymorphisms between young cervical SCCs and older ones and the association with E6 variants, with the aim of discovering the possible interaction between E6 variants and HLA class II variability during the obviously accelerated progression to cervical cancer in young women.
Materials and Methods

Study Population
The specimens of cervical SCCs in this study were collected at the Gynecology ward of 1st Affiliated Hospital of Wenzhou Medical University between June 2009 and June 2015. Sixty-five women aged ≤35 while 713 patients aged ≥36 at the time of diagnosis. All members of this study had access to identifying information during data collection. Each patient enrolled in this study needed to be a native resident in Wenzhou city, which is a coastal city located in the south of China. Sixty-one women aged ≤35 were enrolled in group I, 85 patients aged ≥36 (selected by an 8-patient interval sampling design) in group II. The cut-off limit of 35 years for young cervical cancer has been applied by many researchers [3, 6] . The mean ages of the two groups were 32.4±2.9 years and 51.1±6.7 years respectively. At the same time, we invited 130 age-matched healthy volunteers who came for routing cervical disease screening to take part in our study as healthy controls to provide their cervical cellular specimen and blood samples. The ethnicity, marital status, and smoking habits of controls were similar to the patients. The average age of the control group was 39.8±10.3 years.
Research Process and Sample Collection
The research plan was permitted by the research ethics committee of the 1st Affiliated Hospital of Wenzhou Medical University (20040912). All patients and controls gave written informed consent. The medical, gynecological, sexual and childbearing history were provided by all patients and controls. Physical and gynecological examinations were performed afterwards. For all cervical SCC patients, peripheral serum samples and cervical cytology samples were collected before surgical treatment. The cervical cytology samples were sent for HPV genotyping. Their cervical tissue samples were collected during the surgery and were placed immediately in liquid nitrogen until required for analysis. Of the healthy controls, peripheral serum samples and cervical cytology samples were collected. The cervical cytology samples were sent for Liquid-based cytological test and HPV genotyping. Blood samples drawn from all cervical SCCs and healthy controls were analyzed for DRB1 and DQB1 loci.
HPV Genotyping
The cervical cytology samples of all cervical SCCs and healthy controls were examined for HPV genotypes as described earlier [19] .
HPV 16 E6 Variants Analysis
The cervical DNA samples were extracted in HPV16 positive cervical SCC patients and sequenced as described earlier [19] . The BLAST 2.0 software server (http://www.ncbi.nih.gov/blast) was used to analyze DNA sequence. The variants were classified into four lineages as A (A1-3, A4), B, C and D. Based on nucleotide polymorphism at nt350, the A1-3 lineage were further classified into 350T and 350G.
Human Leukocyte Antigen Typing
Genomic DNA of patients and healthy controls were isolated from peripheral venous blood samples by using the DNeasy Blood & Tissue Kit (QIAGEN, Germany).
Genotyping of HLA-DRB1 and HLA-DQB1 as low-resolution allele distribution was determined by PCR sequence specific primers (SSP) method. DRB1and DQB1 PCR-SSP Morgan TM Kits were supplied by Texas BioGene Inc. (Texas, USA). Amplification reactions were done according to manufacturer's protocols. Results were photographed with a gel-imaging system and analyzed by Morgan™ SSPal HLA Typing Analysis Software.
Statistical Analyses
Statistical analyses were conducted using Statistical Package for the Social Sciences (SPSS) 22.0 software. Allele frequencies of DRB1and DQB1 were calculated by direct counting. Chi-squared (x 2 ) comparisons were performed to identify any differences on categorical variables. Odds ratios (ORs), 95% confidence intervals (95% CIs) and p values were calculated. According to Bonferroni's correction, corrected p value (Pc) was calculated for multiple comparisons, which multiplied the p value by the number of alleles tested for each locus. All p values were assumed significant as p<0.05.
Results
Characteristics of the Cervical SCC Patients
Demographic characteristics between two cervical SCC groups were compared (Table 1) . No significant difference was found except for the number of pregnancies. 
Characteristics of HPV16 E6 variants
66 cervical SCCs and 6 healthy controls with HPV16 infection were further determined for E6 sequence variation (Table 3) .
The A4 lineage was the most predominant variant found in this study. 63.6% (42/66) cervical SCCs and 16.7% (1/6) healthy controls contained this variant. The other non-synonymous variations detected were the B and A1-3 lineages. The E6 variants distribution was further analyzed in cervical SCCs. In group I, the A4 lineage was the unique variant detected. In addition to the A4 lineage, the B and A1-3 lineages were also observed in group II. Although the A4 lineage was the most common variant observed in both groups, the distribution was obviously different between the two groups. The occurrence rate was 82.9% (29/35) in group I, whilst 41.9% (13/31) in group II (x 2 =11.897, p < 0.05).
Analysis of HLA-DRB1 and HLA-DQB1 Polymorphisms
Data of the HLA-DRB1 and HLA-DQB1 alleles from 146 cervical SCCs and 130 healthy controls were summarized (Table 4) . Hardy-Weinberg equilibrium was found in the allele frequencies of the 2 loci among all healthy controls. The most frequent allele for the HLA-DRB1 loci found in cervical SCCs was DRB1*09 (15.1%, 44/292), whilst DRB1*15 (13.5%, 35/260) in healthy controls. The allele frequencies among cervical SCCs were obviously higher than that among healthy controls for DRB1*11 and DQB1*0601 alleles, with a Pc value of 0.013 in the former and 0.016 in the latter. However, the allele frequencies for DRB1*13 and DQB1*02 were significantly decreased in cervical SCCs as compared with healthy controls, with a Pc value of 0.000 in the former and 0.04 in the latter.
Comparison of the other DRB1 and DQB1 allele frequencies between cervical SCCs and healthy controls revealed no significant statistical difference (p/Pc>0.05).
Meanwhile, differences of DRB1 and DQB1 polymorphisms distribution between HPV16-positive cervical SCCs and healthy controls were compared simultaneously (Table 4) . Among HPV16-positive cervical SCCs, the most frequent alleles for DRB1 and DQB1 loci observed were DRB1*08 (17.4%, 23/132) and DQB1*0601 (22.7%, 30/132). Negative associations were found for DRB1*13 and DQB1*02 alleles with respect to HPV16-positive cervical SCCs, with a Pc value of 0.026 in the former and 0.04 in the latter. DQB1*0601 allele was observed to be positively related to HPV16 infection, which occurred significantly more often in HPV16-positive cervical SCCs (Pc=0.000). In addition, a positive relationship of DRB1*11 with HPV16-positive cervical SCCs was suggestive (p=0.017), but no significant difference was kept after Bonferroni's correction (Pc=0.221). No significance was observed for the other DRB1/ DQB1 alleles in HPV16-positive cervical SCCs (p/Pc>0.05). 
Abbreviations: SCC, squamous cervical cancer 
Differences of HLA-DRB1 and HLA-DQB1 Polymorphisms between Group I and Group II
In order to explore a putative link between specific HLA-DRB1 or HLA-DQB1 alleles and the early onset cervical SCCs, differences between younger cervical SCCs and older patients in allele distribution and frequency were further compared ( Table 4 ). The most frequent allele detected for the DRB1 loci in group I was DRB1*09 (20.5%, 25/122), whereas DRB1*08 (14.1%, 24/170) and DRB1*12 (14.1%, 24/170) were the two most frequent alleles found in group II. It is noteworthy that the allele frequencies of DRB1*04 and DRB1*09 were significantly higher in group I compared with those in group II, whereas DRB1*07 frequency in group I was significantly lower than that in group II. However, statistical significances were all disappeared after the application of Bonferroni's correction(Pc>0.05).
For the HLA-DQB1 loci, the allelic distribution found that DQB1*0301(30.3%, 37/122) was the most frequent allele in group I, whereas DQB1*0501 (23.5%, 40/170) was the most frequent allele in group II. In addition to this, the frequency of DQB1*0501 was obviously lower in group I than that in group II, with a Pc value of 0.000. A higher frequency of DQB1*0301 was found in group I than that in group II (p=0.016), but no significant difference was kept after Bonferroni's correction (Pc=0.128).
The Relation of HLA-DRB1 and HLA-DQB1 Polymorphisms with HPV16 E6 Variants
With the aim to identify a possible relationship of HLA-DRB1, DQB1 polymorphisms with specific E6 variants, we further compared the allele distribution in HPV16-positive cervical SCCs and healthy controls (Table 5) .
Special associations between three alleles and certain E6 variants were observed. DRB1*09 and DQB1*0601 frequencies were remarkably increased among cervical SCCs with the A4 lineage compared with those among healthy controls, with a Pc value of 0.039 in the former and 0.000 in the latter. The allele frequency of DRB1*11 was obviously higher among cervical SCCs with the B variant compared with that among healthy controls, with a Pc value of 0.026. Additionally, we found that DRB1*08 and DQB1*0301 frequencies were more common in cervical SCCs with the A1-3(350T) lineage compared with healthy controls (p<0.05), but no significant difference was kept after Bonferroni's correction (Pc>0.05). Similar tendencies were also observed in DQB1*0303 among cervical SCCs with the A4 lineage and in DRB1*12 in cervical SCCs with the B lineage compared with healthy controls (p<0.05). But likewise, no significant difference was kept after Bonferroni's correction (Pc>0.05). As the A4 lineage was the most prevalent type observed among patients with HPV16-positive cervical SCC in both groups, and was the exclusive genotype detected in group I, we further compared the distribution of DRB1, DQB1 alleles associated with the A4 lineage among cervical SCC patients (Table 6) .
A significant association was observed for DRB1*03, with a Pc value of 0.039. This allele was not found among cervical SCCs positive for the A4 lineage in group I, whereas it was detected among those in group II with the percentage of 19.2% (5/26).
It is worthwhile to note that DRB1*08 frequency was significantly increased among cervical SCCs positive for the A4 lineage in group I compared with those in group II (p<0.05). By contrast, DQB1*02 frequency was decreased among patients with the A4 lineage in group I (p<0.05). However, statistical significances were lost after adjustment made for the other alleles (Pc>0.05). Additionally, allele frequencies of DQB1*04 and DQB1*0601were increased among cervical SCCs with the A4 lineage in group I, but no statistical significance was observed (p>0.05). Although HLA-DRB1*09 frequency was significantly higher in cervical SCCs with A4 lineage than controls, no significant difference was found between group I and group II (p=0.946).
Discussion
It is generally acknowledged that the time course from high-risk HPV infection to the development of invasive cervical cancer usually takes about 15~20 years [25] . The obvious earlier onset age of cervical SCC among young patients suggests the existence of some other important factors associated with the accelerated carcinogenesis. It is possible that genetic factors influence viral persistence, and specific more virulent variants of HPV may play important roles in early onset cervical SCCs. In the present study, we analyzed the distribution of HPV16 E6 sequence variants and HLA-DRB1, -DQB1 allele frequencies among a cervical SCC population in China. The dissimilarities of DRB1, DQB1 polymorphisms between young cervical SCCs and older cases and the correlation with HPV16 E6 variants were also analyzed.
In agreement with our previous study, the A4 lineage was also the most prevalent genotype observed (63.6%). We observed that the E6 variants distributed significantly different between young cervical SCC patients and older cases. The A4 lineage was the exclusive type observed in young cervical SCCs, and its prevalence was significantly higher than that of older cases (82.9% vs. 41.9%, p<0.05). The diverse distribution of the A4 lineage between younger cervical SCCs and older ones occurred in the same region indicated that this lineage was probably more carcinogenic in young women. Results of a few studies [19, 26] also indicated that young women appeared to be more vulnerable or susceptible to certain E6 variant genotypes in a specific population. The host genetic diversity, for example the HLA alleles polymorphisms may be used to explain this difference. Some HLA molecules might be more efficient in presenting epitopes from certain E6 variant genotypes and thus determine its potential carcinogenicity [23] .
Previous studies from diverse ethnic populations have analyzed the possible correlation of HLA II molecules with cervical cancer [22, 27, 28] . Although the same HLA class II alleles may be detected frequently to be associated with the occurrence of cervical cancer in different populations, there's still no consensus on which HLA II alleles may increase the risk of cervical carcinoma in any population. In the present study, allele frequencies of DRB1*11 and DQB1*0601 increased significantly in cervical SCCs when compared with healthy controls, whereas DRB1*13 and DQB1*02 were significant decreased in cervical SCCs. In addition, a similar association was observed for DRB1*13 and DQB1*0601 in HPV16-positive cervical SCCs when compared with healthy controls. These results suggested the protective effect of DRB1*13 and the predisposing effect of DQB1*0601 may be specific for HPV16 in this study population.
To further explore possible accelerating factors associated with early onset cervical SCC in young population, the investigation of both HPV intra-typic variations and HLA-DRB1, HLA-DQB1 polymorphisms between young cervical SCCs and older patients, as demonstrated in this study, is necessary. To the best of our current knowledge, this study is the first comprehensive investigation regarding the difference of DRB1, DQB1 polymorphisms between young cervical SCCs and older patients. The results indicated different distribution of certain DRB1, DQB1 alleles between young cervical SCCs and older ones. The allele frequencies for DRB1*04, DRB1*09 and DQB1*0301 among young cervical SCCs were significantly increased when compared with older ones (p<0.05). On the other hand, DRB1*07 and DQB1*0501 in young cervical SCCs were significantly decreased when compared with older ones (p<0.05). After adjustment for the other alleles was made, statistical significance was kept only for DQB1* 0501(Pc<0.05), thereby indicating its protective effect. This result suggests that young women who are carriers of HLA-DQB1*0501 allele may have a relatively lower risk for the development of an early onset cervical SCC.
Based on the above findings between young cervical SCCs and older patients, we hypothesize that certain DRB1, DQB1 alleles may be associated to special HPV16 E6 variants, and this putative relationship may contribute to the obviously accelerated carcinogenesis in this young Chinese population with cervical SCC.
Concerning the possible correlation between the E6 variant genotype and HLA polymorphisms in the development of cervical cancer, a number of studies from different ethnic populations have found that certain HLA class II alleles related with specific HPV variants showed a predisposing effect or a protective effect in cervical carcinogenesis [23, 24, 29, 30] . However, we know little about a possible relation between specific HPV16 E6 variant and HLA-DRB1, HLA-DQB1 alleles in the obviously accelerated carcinogenesis among young women with cervical SCC.
In the present study, we found that the allele frequencies of DRB1*09 and DQB1*0601 were significantly higher among cervical SCC patients with the A4 lineage when compared with healthy controls. This result suggested that carriers of DRB1*09 or DQB1*0601 alleles may be at increased risk for developing cervical SCC once infected with the A4 lineage. Additionally, DRB1*11 was found to be positively associated with the B variant.
As we have noticed before, the A4 lineage was not only the most common type of E6 variant observed among this study population, but it was also the unique variant found in young cervical SCCs. Then we further extended the type-specific analysis concerning the distribution of DRB1, DQB1 alleles associated with the A4 lineage between young cervical SCCs and older patients. The DRB1*03 was not detected among young patients positive for the A4 lineage. A significant higher frequency of DRB1*03 was found among older patients positive for the A4 lineage compared with that among young patients (Pc<0.05). This result indicates that young women who are carriers of HLA-DRB1*03 allele may at lower risk of developing an early onset cervical SCC associated with the HPV16 A4 lineage in this Chinese population. In addition to this, an increased frequency of DRB1*08 and a decreased frequency of DQB1*02 were also observed among young patients positive for the A4 lineage compared with those among older patients, with p values of <0.05. However, statistical significance was not kept upon Bonferroni's correction. These results suggested that these alleles may display a possible predisposing or protective effect in the carcinogenesis of an early onset cervical SCC associated with the HPV16 A4 lineage in this Chinese population. Failure to get a significant correlation may due to the modest sample size.
Conclusion
The present data not only provided evidence for the difference of DRB1, DQB1 polymorphisms between young patients with cervical SCC and older ones, but also gave clues on the possible relationship between certain HPV16 E6 variants and HLA class II alleles. In addition, our data further implied that certain HLA-DRB1 and HLA-DQB1 alleles may be related to the A4 lineage among young cervical SCCs, which was the unique HPV16 E6 variant found in young patients. These results suggested that the early onset cervical cancer in this study population was, at least in part, affected by specific association between certain HPV variant and genetic polymorphisms of HLA. In order to further verify the possible link between certain HPV16 E6 variant and HLA-DRB1, HLA-DQB1 alleles and the relationship with the early occurred cervical SCCs in young population, studies on larger sample size will be required. Such information may help to elucidate the pathogenic factors that associated with young women cervical SCCs, and thus to provide more accurate approaches for better prophylaxis and treatment.
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